Challenging differential diagnosis Background:
Background
Non-compaction cardiomyopathy (NCM) of the ventricular myocardium is a rare congenital cardiomyopathy characterized by increased trabeculation in one or more segments of the ventricle, which in turn is caused by the cessation of compaction during intrauterine development. Noncompaction is a genetic disorder and can be found alone or together with other congenital heart diseases. This genetic cardiomyopathy is due to abnormal arrest in endomyocardial embryogenesis between fetal 5 th and 8 th week [1] .
This arrest in the endomyocardial morphogenesis occurs during the compaction of myocardial fibers, resulting in excessive multiple trabeculation of the myocardial tissue [2] . NCM cardiomyopathy was first identified and described by Engberding and Benber in 1984 [3] . The term "non-compaction'' was first used in 1990 to describe an embryogenic spongy myocardium without other cardiac abnormalities [2, 3] .
The left ventricle is the most affected site of non-compaction, but biventricular involvement has also been described. In contrast, the predominance of the right ventricle has been observed in almost 50 percent. An isolated right ventricle involvement has been reported in some cases [4, 5] . Clinical features of NCM are non-specific and can range from being asymptomatic to presenting with congestive heart failure, arrhythmia, and systemic thromboembolism [6] . We present a case report of a 22-year-old Hispanic male patient with biventricular noncompaction that predominantly involved the right ventricle.
Case Report
22-year-old Hispanic male present to our care without any significant past medical history He complained of a two-month history of intermittent chest discomfort. Before this admission he was mistakenly being treated gastritis. He reported progressive decrease in his exercise tolerance and mild shortness of breath. Social history was remarkable for a 20 packyear of smoking but he denied alcohol abuse and illegal drugs. Family history was not significant.
Initial vital signs were within normal limits. Cardiovascular examination was remarkable for an early aortic diastolic murmur of grade 3/6 over the 2 nd intercostal area without radiation to the carotids and a pansystolic murmur of grade 4/6 at the apex with radiation to the mid-axillary line the neck examination showed a jugular venous distention of about 8 cm. The chest examination demonstrated reduced breath sounds over both lung bases with basal crackles. Bilateral pitting pedal edema of grade 1 was noted. Laboratory workup was unremarkable except for an elevated brain natriuretic peptide (BNP) of 1768 pg/ml.
The electrocardiogram was remarkable for sinus tachycardia with occasional premature ventricular complexes, left atrial enlargement and non-specific ST-T wave changes. Chest X-ray demonstrated features of pulmonary edema. Transthoracic echocardiogram revealed prominent trabeculae and spongiform appearance of the left ventricle, moderately dilated left ventricle of 65 mm with severely reduced systolic function and an ejection fraction of 20% (Video sequences 1-4 -see web sites). In addition there was right atrial enlargement, moderate to severe mitral regurgitation, moderate aortic regurgitation and severe pulmonary hypertension (peak systolic pulmonary artery pressure 37 mmHg) ( Figure 1 ). Five of nine left ventricle segments were trabeculated and deep intertrabecular recesses predominantly involving the right ventricle were noticed. A color Doppler echocardiographic examination demonstrated the presence of blood flow in the deep intertrabecular recesses. Transmitral blood flow revealed the restrictive pattern of diastolic dysfunction. The right ventricular papillary muscles and chordae structure were hypertrophic and thick. There was no associated congenital cardiac anomaly. The spongiform appearance of the both ventricles was morphologically suggestive for non-compaction cardiomyopathy with notable involvement of the right ventricle.
Cardiac MRI was performed and demonstrated the global dilation and diffuse hypokinesia (Figure 2A ). The right ventricle was dilated and showed exhibited trabeculations as well as prominent intramycocardial recesses, which confirmed the echocardiographic findings ( Figure 2B ).
Further laboratory workup (leukocyte alpha-galactosidase-A activity) was performed to exclude metabolic and storage disorders.
Left heart catheterization demonstrated normal coronary arteries and elevated left ventricular end diastolic pressure. A right heart catheterization revealed pulmonary hypertension (peak pulmonary artery systolic pressure 43 mmHg) that was higher than the measured pulmonary artery systolic pressure in the echocardiography; the right ventricular end-diastolic pressure was elevated as well.
The patient had no significant cardiac family history. An echocardiogram for the first-degree relatives was performed to rule out a familial variant; these results were normal. He was started on an ACE-inhibitor (lisinopril 10 mg daily), diuretic agent (torsemide 5 mg daily) and spironolactone 25 mg daily.
A follow up in the cardiologic outpatient clinic was performed 3 months after the discharge; the EF did not improve and was documented with 15-20%, b-blocker was added. The patient was placed on the heart transplantation list. Further followups are scheduled.
Discussion
Noncompaction cardiomyopathy (NCM) is a congenital cardiomyopathy defined by the presence of prominent ventricular myocard trabeculations and deep intertrabecular recesses [7] . NCM occurs secondary to interruption of the normal myocardial morphogenesis. It occurs more frequently in males, and its prevalence varies from 0.06 to 0.24% of the general population [8] . Left ventricular NCM is the most common affected site, however right ventricle involvement has been reported in a few cases [5, 6] . Familial or sporadic cases of CNM [9] and genetic association with a mutation in the G 4.5 gene and to chromosome Xq28 have been described [10] . Genetic studies in familial cases are needed to localize the causative genes.
Clinical presentations are often nonspecific; nevertheless clinical features represent heart failure, dyspnea and arrhythmia. At the time of recognized first onset the clinical symptoms are often advanced resembling NYHA class III/IV. A sudden cardiac death is responsible for half of the deaths in patients with noncompaction [11] . Thromembolic events are also known to occur as a complication associated with NCM. They occur in 21-38% of the cases involving lungs, mesenteric organs and the brain [11] .
Compared with other common types of cardiomyopathy NCM, is underreported and remains unrecognized. The echocardiography is the key method delivering specific characteristics for NCM that include, in the absence of any coexisting lesions, regional thickening of the myocardial wall consisting of 2 layers namely an outer epicardial layer, which is usually thin and an extremely thick layer that includes at least four prominent trabeculations and deep recesses. This wall appearance delivers significant information in the first assessment of the abnormal myocardial configuration. A maximum end-systolic ratio of the noncompacted endocardial layer to the compacted myocardium of >2 are characteristic. Color Doppler can be helpful and is a significant feature of the diagnosis; it is usually remarkable for deeply perfused intertrabecular recesses [12] .
Magnet-Resonance Imaging (MRI) is helpful addition in the diagnostic of ventricular noncompaction. MRI detects advantageous the septal resolution at the lateral and apical wall of the left ventricle [13] . Even though echocardiography may establish the diagnosis, but cardiac MRI should be considered in a patient presenting with ventricular arrhythmias and systolic dysfunction prior to ICD implantation.
There are no specific diagnostic criteria for the right ventricle noncompaction, however some authors suggest that the left ventricle diagnostic criteria apply to the right ventricle as well [14] . The irregular geometric shape of the RV makes a clear visualization limited, which makes the diagnosis of the RV-noncompaction more difficult.
To our knowledge biventricular noncompaction with significant pulmonary hypertension has been described in the literature in a single case report [15] . Managment of biventricular noncompaction includes similar therapy as for CHF, thromboembolic complications and arrhythmias. However currently there is clear pharmacological treatment for biventricular noncompaction. Heart transplantation is an option for patients with refractory symptoms. A long-term anticoagulation may be considered and is a recommended choice [11] .
The benefit of Implantable Cardiac Defibrillators (ICD) has been mentioned in the literature; ICD can be used in cases of significant hemodynamical impairment [16] . ICD improves outcomes in left ventricular noncompaction cardiomyopathy when implanted for the prevention of sudden cardiac death in those with ejection fraction less than 35% of in those with history of sustained ventricular tachycardia or ventricular fibrillation.
Familial screening of first-degree relatives is recommended [17] . In general the prognosis is associated with the stage of heart failure and other comorbidities. Familial inheritance is a common feature of NCM an echocardiographic screening of the 1 st degree relatives is recommended.
Conclusions
NCM is a unique disorder resulting in serious and severe complication. The majority of the reported cases describe an involvement of the left ventricle. However the right ventricle should always be taken into careful consideration when NCM is suspected. The early diagnosis may help to increase the event-free survival.
